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Background
Surgical resection remains the mainstay of curative treatment for patients with gastric cancer. However, curative surgery can be performed in only a relatively small subgroup of patients. Several recent large surgical series indicate that only 30%-50% of patients with gastric cancer undergoing exploration can be operated with curative intent. Even for those patients who undergo radical resection, the rate of recurrence is very high.
It has been suggested that the presentation (and even the biology) of gastric cancer may be different between the West and other countries, especially Japan. While the reason for the differences are not completely clear, this might be a result of the fact that the incidence of gastric cancer is several times higher in Japan. In addition, more stringent screening programs are emphasized in Japan, resulting in a potential difference in baseline conditions of cancer patients. Furthermore, specific surgical techniques are used in Japan, and Japanese surgeons have probably acquired additional experience in the surgical approach to gastric cancer. Taken together, these facts might lead to difficulties in comparing the results of surgery or postoperative treatment programs between the Western world and Japan.
The use of (additional) systemic therapy early in the treatment plan appears to be an attractive concept in a disease with a high propensity for systemic failure and/or local recurrence. To potentially increase the rate of cure after surgery for gastric cancer, adjuvant chemotherapy is receiving increasing attention, particularly in the light of evidence of a benefit from such therapies in common tumors of the gastrointestinal tract, such as colorectal cancer. Adjuvant chemotherapy for gastric cancer, however, has been investigated for more than 40 years, but no obvious survival benefit has been shown in any large-scale well-controlled trial until recently.
Methods
Using computerized (MEDLINE) and manual searches, we identified 43 reports of adjuvant chemotherapy performed in patients after potentially curative resection. Only papers with an English abstract were included, and no effort was made to search for unpublished trials, thus a slight amount of publication bias cannot be excluded. Chemotherapy was defined as a cytotoxic drug or drug combination, distinct from immunotherapy and radiotherapy. Combinations of chemotherapy with immunotherapy and/or radiotherapy were not included. Information abstracted included histologic verification of the diagnosis, adjuvant treatment regimen and dose of cytotoxic agents, number of patients, and overall survival. We identified four single-agent and 33 combination chemotherapy trials and five meta-analyses. Table 1 summarizes the results of a number of controlled and prospective random-assignment trials of postoperative chemotherapy in gastric cancer.
Results
Some of these studies date back to the early 1960s, and two of the first trials in this field were done by the Veterans Administration Surgical Oncology Group, who investigated the use of thiotepa (Thioplex ® ; Immunex Corporation, Seattle) or 5-fluorodeoxyuridine (FUdR) after surgical resection [1, 2] . Both showed negative results in terms of survival.
Nitrosourea-Containing Regimens
After initial promising results of the combination of 5-fluorouracil (5-FU) and nitrosourea after gastric resection [3] , additional studies could not demonstrate a significant disease-free or overall survival advantage for this combination compared with no treatment [4] [5] [6] . The largest study included 103 patients randomly assigned to either a control or chemotherapy group (5-FU plus carmustine [BCNU ® ; Bristol-Myers Squibb, Princeton, NJ]) after stratification according to tumor stage II and III and showed no advantage in terms of recurrence or survival time after a followup period of 3 years [6] .
Mitomycin-Containing Regimens
A series of trials have involved the use of mitomycin C (MMC; Mutamycin ® ; Bristol-Myers Squibb) ( Table 1) . A Spanish trial investigated the use of single -agent, high-dose MMC following surgical resection [7] . In that study, only 33 patients received chemotherapy (MMC, 20 mg/m 2 once every 6 weeks for four doses), while 37 patients constituted the control group. A significant survival advantage (seven relapses in the treated arm, 23 in the control arm; p < .001) for the chemotherapy group was noted [7] . Consequently, Grau et al. performed a randomized trial on 134 patients using the same regimen [8] . After a median follow-up of 105 months, the actuarial survival curve was significantly (p < .025) higher in the treatment group.
Allum and coworkers investigated 411 patients in a prospective, randomized trial using a more complex polychemotherapy regimen [9] . After a follow-up of at least 5.5 years there has been no survival advantage for patients receiving adjuvant 5-FU and MMC with or without an induction course of 5-FU, vincristine (Oncovin ® ; Eli Lilly and Company, Indianapolis), cyclophosphamide, and methotrexate compared with those undergoing surgery only. Chemotherapy was not tolerated well and toxicities were substantial, resulting in 22 treatment-related deaths.
To determine whether postoperative adjuvant chemotherapy with two drugs versus one drug could prolong survival, Grau www.TheOncologist.com resected locally advanced gastric cancer in a randomized trial [10] . Patients received MMC either alone or in combination with ftorafur (FT). After a median follow-up duration of 62 months, the overall 5-year survival rates were 67% for the MMC-FT group versus 44% for the MMC group (p = .04). This survival advantage was even more pronounced in patients with node-negative and early-stage resected gastric cancer. The combination of MMC and tegafur also showed a significant survival advantage compared with no treatment in a randomized controlled trial after a median follow-up period of 37 months [11] . This combination was excellently tolerated, and it was concluded that there was a potential benefit from adjuvant chemotherapy in resected gastric cancer.
In contrast to these results, the combination of 5-FU, epirubicin (Ellence ® ; Pfizer Pharmaceuticals, New York), and MMC (FEM) showed no survival advantage over observation only in a randomized study of 84 patients [12] .
Nakajima's group treated 243 patients who received either MMC, 5-FU, and cytosine arabinoside or a similar regimen in which 5-FU was replaced by FT, with the control group having surgery only [13] . Five-year survival rates were significantly better for the 5-FU-containing regimen than for the nontreatment group, and it was suggested that 5-FU be favored as adjuvant chemotherapy for gastric cancer.
The effectiveness of combination chemotherapy with MMC plus futraful (N1-[2'-tetrahydrofuryl]-5-FU) for gastric cancer was investigated in a prospective randomized and controlled study [14] . One thousand eight hundred and five evaluable patients were grouped into two protocols: protocol I (intermittent i.v. injection of a moderate dose of MMC) and protocol II (bolus i.v. injection of MMC), each of which was allocated to group A (without futraful) and group B (MMC plus oral administration of futraful for 3 months). Statistically, this randomized study showed that the 5-year survival rate for patients with advanced cancer was not enhanced. However, with protocol II, the futraful administration seemed to improve the 5-year survival rate for those with stage III cancer and for those with positive lymph node metastasis plus obvious serosal invasion. The notion that futraful might increase the effectiveness of MMC in patients with advanced cancer was supported in a follow-up study [15] . [16] . One hundred eighteen patients were in the nochemotherapy group and 137 were in the chemotherapy arm. The median follow-up time for the 86 survivors at the time of analysis was a mature 13.8 years, and there were no differences between the two groups.
A comparison of tegafur and tegafur-uracil as maintenance therapy after an MMC bolus injection on 2 days in a prospective randomized trial with 243 patients showed no significant difference in 5-year survival [17] .
Fujii and coworkers concluded, after a three-arm study (MMC plus 5-FU for 6 months vs. MMC plus 5-FU for 12 months vs. surgery only), that adjuvant chemotherapy was only useful for stage III gastric cancer patients [18] . Overall, there was no significant survival difference among the three study arms.
Other randomized phase III clinical trials with patients after curative gastrectomy without infiltration of the serosa could also not demonstrate a clinical benefit of postoperative chemotherapy with MMC and 5-FU combinations [19, 20] , not even when stratified by disease stage [19] .
To elucidate the dose effect of intensive adjuvant cancer chemotherapy regimen with MMC, a cohort of 336 patients with macroscopic curative resections of gastric cancer at stages II, III, and IV, was investigated in a randomized controlled trial [21] . Although no significant differences in the actuarial overall survival rates were observed, a tendency for prolonged survival in the higher dose group was suggested.
Anthracycline-Containing Regimens
More recently, the use of doxorubicin (Adriamycin ® ; Bedford Laboratories, Bedford, OH)-containing combination chemotherapy regimens has been reported ( Table 1) . Coombes and colleagues studied 315 patients with curatively resected gastric cancer who were randomized to receive 5-FU, doxorubicin, and MMC (FAM) or no postoperative therapy [22] . Two hundred eighty-one patients were evaluable for analysis. Chemotherapy could be started as late as 6 weeks after surgery. With a median follow-up of 68 months, 56% of patients in the treated arm and 61% of those in the control arm had disease recurrence. There was no significant difference in the disease-free survival or overall survival rate (FAM, 45.7%; control, 35.4%). Three patients given FAM died of treatment-related complications. In a second study using FAM, the Southwest Oncology Group also failed to note an improvement in survival for the treated group [23] . In that study, the quality of surgical resection affected survival irrespective of FAM use. Cases with curative resection, defined in a retrospective review of pathology and surgical reports as cases having no evidence of residual disease in the abdomen and tumor-free margins >1 cm, had a longer survival than cases not meeting these requirements (p < .001).
Both groups of investigators concluded that adjuvant chemotherapy using FAM should only be used in an investigational setting.
A comparison of FAM versus radiation therapy versus observation only after curative gastrectomy for adenocarcinoma revealed no significant survival differences among the three groups [24] . The 5-year survival rate for surgery alone was 20%; for surgery plus radiotherapy it was 12%, and for surgery plus chemotherapy it was 19%.
Similar results were seen in a European Organization for Research and Treatment of Cancer trial on adjuvant chemotherapy in gastric cancer [25] . However, time to progression was significantly longer in the FAM arm (p = .020), while disease-free survival showed borderline significance (p = .068) in that study.
A phase III, single-center, randomized trial was performed to determine whether the addition of MMC and/or doxorubicin to 5-FU as adjuvant chemotherapy could influence survival in patients with curatively resected gastric cancer [26] . Four hundred sixteen patients who had undergone resection for stage IB-IIIB gastric adenocarcinoma were stratified, according to stage and type of surgery, and then randomized to receive one of three chemotherapy regimens-5-FU alone; 5-FU and MMC; or 5-FU, doxorubicin, and MMC-within 5 weeks after surgery. Five-year overall survival and disease-free rates were quite similar among the three groups, and it was concluded that, compared with adjuvant 5-FU alone, the addition of MMC and/or doxorubicin to 5-FU did not influence survival in patients with resected gastric cancer.
No significant advantage in terms of survival and disease-free survival was found in a study that compared the EAP regimen (etoposide [Etopophos www.TheOncologist.com regimen was given to 69 patients after curative resection (all patients had positive lymph nodes) of gastric carcinoma and was compared with no further therapy in 68 patients. Acute toxicity was mild, and treatment was well tolerated by all patients, leading to the conclusion that this particular chemotherapy, administered shortly after gastric resection, improved the survival rate in node-positive gastric cancer patients.
Krook and colleagues used a different doxorubicin-containing combination in the adjuvant setting but could not find a survival benefit compared with no chemotherapy [30] .
Cisplatin-Containing Regimens
Since cisplatin combinations are widely used and seem to be effective in the palliative treatment of gastric cancer, different combinations have been investigated in the adjuvant setting also.
In an uncontrolled trial, three cycles of adjuvant chemotherapy with cisplatin (20 mg/m 2 per day on days 1-5), etoposide (100 mg/m 2 per day on days 1, 3, and 5), and 5-FU (800 mg/m 2 per day continuous infusion on days 1-5) (PEF) were given every 3 weeks after curative resection of gastric adenocarcinoma involving the esophagogastric junction [31] . A total of 50 patients with postoperative stage II, IIIA, or IIIB disease entered this trial. In 14 of the 50 patients (28%), disease recurred within a median follow-up of 26 months. The median disease-free survival time was 48 months, and the actuarial 5-year disease-free survival rate was 48%. The median overall survival was 62 months, and the actuarial 5-year survival rate was 54%. The toxicities of PEF adjuvant chemotherapy were leukopenia, nausea/vomiting, and alopecia, but they were mostly mild and reversible. According to these findings, the regimen seemed to be a promising treatment for gastric adenocarcinoma, compared with other regimens.
However, a phase III study that compared surgery alone with surgery and adjuvant chemotherapy consisting of cisplatin, 5-FU, and leucovorin showed no difference in the 5-year survival rate (39% vs. 39%) [32] . That study involved 205 patients, of whom 104 had surgery alone and 101 had surgery and adjuvant chemotherapy. Because of toxicity, 54% of the patients stopped the protocol before the end of the nine courses, and 46% of the patients received the nine courses, including 32% with a decreased dose and 14% with a full dose.
To evaluate the toxicity, feasibility, and efficacy of adjuvant intraperitoneal combination chemotherapy in patients with stage II-III gastric cancer, a phase II study was initiated by Topuz and colleagues [33] In an Austrian prospective randomized trial of 67 patients undergoing surgery for stage III and IV gastric cancer, 33 patients received adjuvant postoperative i.p. chemotherapy with cisplatin, while 34 control patients remained untreated [34] . Patients in the treatment group received a median of four i.p. chemotherapies. Apart from frequent nausea, no adverse reactions or complications were noted. The median disease-free survival durations were 12.7 months and 9.7 months in treated patients and controls, respectively (p = .8). After a median follow-up duration of 72 months, 54 patients (80%) had died of primary disease or related complications. The median survival duration for i.p. chemotherapy patients was 17.3 months, compared with 16.0 months for controls (p = .6). Autopsies were performed on 12 (18%) of the 54 patients who died and showed tumor spread to the peritoneal cavity and/or to the liver, irrespective of the application of i.p. chemotherapy. The reasons for the ineffectiveness of i.p. chemotherapy may be the choice of an unsuitable chemotherapeutic agent, an ineffective mode of application, or a lack of sufficient drug penetration into the serosa or peritoneal metastases.
Other Regimens
In a prospective randomized study, the effect of oral FT as adjuvant chemotherapy was compared with that of oral placebo in patients with stage II and stage III gastric cancer. Patients had undergone a subtotal gastrectomy with a tumor-free resection margin. FT (10 mg/kg) was given daily to 59 group A patients, while multiple vitamins were given twice a week to 56 group B patients [35] . There was no statistically significant difference in stage II patients with regard to survival. However, in stage III patients, those treated with oral FT had better 3-year and 5-year survival rates than those receiving oral placebo.
Another prospective controlled study of combined chemotherapy with 5-FU, vinblastine (Velban ® ; Eli Lilly and Company), and cyclophosphamide was conducted in 53 patients with radical resection for gastric carcinoma [36] . The patients were divided into two groups, a control group 142 Adjuvant Chemotherapy for Gastric Cancer The Oncologist ® of 26 patients and a chemotherapy group of 27 patients, that were similar with regard to age, gender, location of carcinoma, type of resection, and pathologic findings. No significant differences in survival rates were observed between the control group and the chemotherapy groups.
Meta-Analyses
Several meta-analyses of adjuvant chemotherapy for gastric cancer have been conducted (Table 2) . A meta-analysis of 11 randomized trials of adjuvant chemotherapy following curative resection for localized gastric cancer did not demonstrate a survival benefit, with an odds ratio (OR) of 0.88 (95% confidence interval [CI], 0.72-1.08) [37] . Commenting on this report, Pignon et al. pointed out that the meta-analysis had failed to include two important clinical trials [38] .
The results of a second meta-analysis that included 13 randomized controlled trials suggest that adjuvant chemotherapy may produce a small survival benefit of borderline statistical significance in patients with curatively resected gastric cancer (OR, 0.80; 95% CI, 0.66-0.97) [39] .
The third meta-analysis, conducted by Mari and coworkers, included 20 randomized trials and collected information on 3,658 patients and 2,180 deaths, using death from any cause as the end point [40] . The results showed that chemotherapy reduced the risk for death by 18% (OR, 0.82; 95% CI, 0.75-0.89), which translated into an absolute survival advantage of 2%-4%, depending on the stage of the disease.
After a thorough selection process, 17 papers proved eligible for inclusion in another meta-analysis, with a total of 3,118 patients, 1,546 of whom were randomized to treatment arms and 1,572 of whom were randomized to control arms; 762 and 871 deaths occurred in the treatment and control arms, respectively [41] . Statistical analysis suggested an absence of significant heterogeneity among the trials and a significant advantage in survival for adjuvant chemotherapy (OR, 0.72; 95% CI, 0.62-0.84).
Additionally, a significant survival benefit for patients who received adjuvant chemotherapy, compared with controls, was identified in a recent meta-analysis that included 21 randomized studies (OR, 0.84; 95% CI, 0.74-0.96) [42] . When Western and Asian studies were analyzed separately, no survival benefit was found for the treated patients in the Western groups (OR, 0.96; 95 CI, 0.83-1.12). Flaws in the conduct of several trials made it difficult to draw firm conclusions, including the exclusion of a small but clinically meaningful survival benefit.
Conclusion
Timing of postoperative therapy varies widely. In some centers, especially in Japan, postoperative therapy (if used) for gastric cancer patients is started immediately, whereas in Europe and the U.S., treatment usually starts 4-6 weeks after resection. There are several rationales for administering adjuvant therapy early after resection. One study by Fisher and coworkers showed an increased labeling index of metastases directly after resection of the primary tumor (suggesting the potential for greater cell kill during this time span), which has led some investigators to emphasize that adjuvant treatment should be administered as soon as possible [43] . Thus, especially in the case of i.p. chemotherapy, an early therapy start indeed appears to be reasonable [44] . The same rationale applies to systemic chemotherapy, in which a treatment delay of 4-8 weeks after surgery may allow metastatic disease to grow considerably, which might strongly impair disease eradication or render it even impossible.
A drawback of the early use of aggressive combinations is the potential for greater toxicity of chemotherapy in the early postoperative phase. Despite improved antiemetic therapy, a higher rate of cisplatin-induced nausea and emesis was reported when the drug was administered in the early postoperative phase. This finding precludes the immediate administration of aggressive chemotherapy.
The routine use of chemotherapy alone cannot be supported, neither by the results of the single-agent or combination trials nor by the results of the meta-analyses performed so far. The meta-analyses do, however, suggest that chemotherapy as a single treatment modality might play a role in adjuvant treatment, while not suggesting its routine use outside clinical studies. This appears reasonable given www.TheOncologist.com the activity of chemotherapy in advanced gastric cancer and in view of the benefits of adjuvant chemotherapy in other solid tumors. However, well-designed and properly powered studies are required to provide clear-cut evidence for the efficacy of chemotherapy in the adjuvant setting of gastric cancer.
The discussion and critique of the meta-analyses reveal both methodical and systematic factors that complicate the assessment of individual study results. Throughout different studies, patient recruitment was not uniform, insofar as patients with R1(microscopic residual tumor)/R2 (macroscopic residual tumor) resections and peritoneal involvement were also included. This setting, however, does not really constitute an "adjuvant" approach, but should rather be defined as palliative treatment, as opposed to patients undergoing R0 resection.
In addition, different surgical resection techniques (subtotal or total gastrectomy without consideration of the histological subtypes after Lauren) and different lymphadenectomy procedures (D1 [first-tier node] vs. D2 [first-and second-tier nodes] lymphadenectomy) were not considered as relevant factors of stratification, although different surgical approaches might clearly influence the outcome of resected patients. Because of different biological properties, the location of the primary tumors (upper third vs. rest of the stomach), which affects metastatic spreading pathways, should also be taken into account when designing a randomized study. Histological analyses of the removed stomach were not carried out in accordance with the established guidelines in all studies.
The most important factor, apart from these considerations, however, is the fact that the most effective drug combinations available at the time and thus applied in these trials were simply not effective enough to result in a significant benefit when given in the adjuvant setting. Frustratingly, the situation has not evolved over time in spite of the advent of potentially more effective drug regimens in metastatic gastric cancer, as evidenced by the relative absence of efficacy for most adjuvant therapies to date (Table 1) .
During the 1990s, chemotherapy combinations for advanced disease that incorporated prolonged infusions of 5-FU were developed. The ECF regimen (epirubicin, 50 mg/m 2 , and cisplatin, 60 mg/m 2 , both every 3 weeks, and continuous infusional 5-FU at 200 mg/m 2 per day for 3 weeks) demonstrated encouraging response rates in phase II studies [45, 46] and superiority over FAMTX (5-fluorouracil, doxorubicin, methotrexate) in a phase III study [47] , resulting in the adoption of the ECF regimen as a standard of care in advanced gastric cancer in the United Kingdom and parts of Europe but not in the U.S. The role of ECF in the adjuvant setting is nevertheless still not yet clearly defined, although large trials are currently being performed. The MAGIC study randomly assigned 503 patients with gastric cancer to either surgery alone or treatment consisting of three preoperative cycles of ECF followed by surgery and a further three cycles of ECF. The final results of that study have been reported in abstract form only so far [48] . At a median follow-up of 2 years, the ECF arm (in which only 40% of the randomized patients completed all six planned cycles) was reported to be superior in terms of disease-free survival, although overall survival data are still not mature.
Newer drug combinations incorporating taxanes, irinotecan (Camptosar ® ; Pfizer Pharmaceuticals, New York), and oxaliplatin (Eloxatin ® ; Sanofi-Synthelabo Inc.) have not been evaluated in the adjuvant setting yet. In view of the discrepancies between activity in the palliative setting and the potential in the adjuvant setting seen with almost all regimens in the past, one has to be very cautious when trying to extrapolate the value of these new agents as adjuvant therapies from their performance in advanced disease. Thus, their potential impact on the management of patients following radical surgery cannot be evaluated at the moment, and ongoing studies are eagerly awaited to answer these questions. An ongoing Swiss/Italian phase III trial is randomly assigning patients with locally advanced gastric cancer to four cycles of either preoperative or postoperative DCF (docetaxel [Taxotere ® ; Aventis Pharmaceuticals Inc., Bridgewater, NJ], cisplatin, 5-FU) chemotherapy, with a projected accrual of 240 patients [49] .
In view of the relative ineffectiveness of chemotherapy alone, the combination of radiation for local control and chemotherapy for control of systemic micrometastases and as a potential radiosensitizer appears to be a promising postoperative treatment approach to gastric cancer. To address this issue, the Gastrointestinal Cancer Intergroup Trial (INT 0116) was initiated in 1991, published in 2001 and updated in 2004, with more than 6 years of median follow-up [50] . In total, 556 patients with stage IB to IV were eligible and randomly assigned to surgery alone or to postoperative chemoradiotherapy consisting of one cycle of bolus 5-FU/leucovorin on days 1-5 followed by 5 weeks of radiation at 45 Gy, with bolus 5-FU/leucovorin administered on days 1-4 and the last 3 days of radiotherapy. This was followed by two further monthly cycles of bolus 5-FU/leucovorin on days 1-5. The median diseasefree survival times were 30 months for chemoradiotherapy and 19 months for surgery alone (p < .001), with median overall survival times of 35 months for chemoradiotherapy and 19 months for surgery alone (p < .006). Despite these important-and apparently statistically significant-results, there have been several criticisms directed 144 Adjuvant Chemotherapy for Gastric Cancer
The Oncologist ® toward that study. Debate has arisen concerning the type of surgery (only 10% D2 resections) performed in the trial, the radiotherapy treatment and planning methodology used (minimal use of computed tomography planning), and the systemic chemotherapy used (bolus 5-FU). One of the major points has been the apparent toxicity of the treatment schedule, resulting in only 66% of patients being able to complete the planned treatment. As a result, clinicians outside the U.S. are still somewhat reluctant to consider the regimen the standard adjuvant approach to the management of patients with gastric cancer.
Taken together, the results published so far indicate that adjuvant chemotherapy in gastric cancer must be regarded as experimental at the moment. This also applies to neoadjuvant therapy of locally advanced tumors, even though high R0 resection rates as well as encouraging median survival times and long-term survival periods have been reported so far. In patients in whom R0 resection does not appear possible, as judged from primary laparoscopy, upfront chemotherapy, therefore, could result in a decrease in tumor size to allow a secondary R0 resection. To clarify the role of postoperative chemotherapy, well-planned, randomized studies with adequate diagnostic methods (endoscopic ultrasound, laparoscopy) and standardized modern surgical procedures are necessary. Another objective of adjuvant therapy, of course, is the reduction of the invariably high intra-abdominal recurrence rates. The integration of radiotherapy as well as the examination of newer generation chemotherapy combinations, such as ECF, the taxanes, irinotecan, and oxaliplatin, and also treatments incorporating molecularly directed targeted therapies, could be reasonable methods for achieving this goal.
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